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Lactose in milk has relatively low variation regardless of season, breed, or country. 
The study of lactose concentration and correlation among other milk components is 
limited. Furthermore, dairy farmers have limited access to the lactose data and are not 
familiar with it. This study was conducted to: 1) investigate the phenotypic correlation 
between lactose and other milk components; and 2) determine the importance of lactose 
for dairy herds. 
Monthly DHIA records from Utah (DHIA), Dairy Herd Performance Test (DHTP) 
records from Ibaraki, Japan, and California herd average data (CHAD) covering 27 states 
were used to analyze the relationships between milk lactose concentrations and 
parameters related to milk production. Record spans for each data sets for DHIA, DHTP 
and CHAD were 7 consecutive years ending August 2017, 12 consecutive years ending 
August 2017, and 9 consecutive years ending August 2017 respectively.  
Means for the DHIA records were 187.9 DIM, 34.6 kg/d milk yield, 4.08% lactose, 
3.88% fat, 3.15% protein, 8.86% SNF, 14.4 mg/dl MUN, 256,000 SCC, and 2.4 parity. A 





Positive phenotypic correlations between lactose percentage and milk yield (r = 0.28), 
and negative correlations with fat (r = -0.17), protein (r = -0.21) and SCC (r = -0.30) were 
observed. No seasonal fluctuations of milk lactose concentrations were observed.  
Mean for the DHTP records were 4.55% lactose, 3.95% fat, 3.29% protein, 8.74% 
SNF, 283 mOsm/kg osmotic pressure, 19,600 bacteria count, and 222,000 SCC. A 
seasonality in the lactose concentrations were observed, with the lowest concentrations of 
lactose observed in late summer and fall. There were no phenotypic correlations between 
lactose concentrations and protein, but a negative correlation with fat (r = -0.12) was 
observed. A significant negative correlation with SCC (r = -0.28) was also observed.  
Based on the CHAD records, cows with lower lactose concentrations showed a higher 
culling rate, which indicates that the milk lactose concentration could be a potential 
indicator of problems in a dairy herd. This study suggests that lactose level could be an 
indicator for managing dairy farms. Dairy farmers should be able to access lactose data, 
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INTRODUCTION 
Although variation in lactose content of milk is relatively low, monitoring lactose 
could enable the dairy industry to monitor animal well-being in terms of productivity and 
health. Steen et al. (1996) suggested that lactose could be an indicator of subclinical and 
clinical ketosis. Reist et al. (2002) reported that ratio of lactose and fat might be an 
estimation of energy status. Buckley et al. (2003) showed that higher lactose percentage 
is associated with increased pregnancy rate. Francisco et al. (2003) concluded that lactose 
percentage could be a predictor of postpartum ovulation. Also, several studies have 
examined the phenotypic relationship between lactose contents and other milk traits. 
Henao-Velásquez et al. (2014) concluded that the association between lactose contents 
and DIM, milk fat, milk protein, MUN, and SCC were highly significant, while milk 
yield was not significant. On the other hand, Miglior et al. (2006) reported a high 
correlation between lactose and milk yield, but did not found a correlation with fat and 
protein. Significant associations between lactose and MUN were found by Miglior et al. 
(2006) and Cao et al. (2010). Lactose percentage has been reported to have both a 
positive and negative correlation with milk as well as fat and protein percentages. The 
relationship of lactose percentage to milk and other components is unclear based on the 
literature. The objective of this study was to investigate the phenotypic association 
between lactose and milk yield, milk fat, milk protein, SCC, and MUN. Furthermore, 
lactose level might have value to determine farm productivity, health and profitability; 
therefore, our secondary objective was to determine if monitoring lactose would have 








Synthesis of lactose 
Lactose is a disaccharide of glucose and galactose found only in the milk of 
mammals. One of the mechanisms that is critical to the cow’s ability to sustain high 
production is the manufacture of milk lactose. The rate of water secretion in a milk is 
primarily determined by the rate of lactose synthesis, because lactose is the major factor 
responsible for milk osmolality (Cant et al., 2002; Zhao and Keating, 2007; Shahbazkia et 
al., 2010; Lin et al., 2016). Glucose is the main precursor of lactose synthesis in 
mammary gland epithelial cells. However, the mammary gland itself cannot synthesize 
glucose from other precursors because of the lack of glucose-6-phosphatase (Threadgold 
and Kuhn, 1979). Therefore, the mammary gland is dependent on the blood supply for its 
glucose needs. A cow producing 50 kg of milk is required to synthesize a 2.5 kg of 
lactose daily. In addition, glucose provides much of the energy required for milk 
synthesis and is essential to the manufacture of milk fat. In total, the mammary gland 
requires about 72 grams of glucose to produce 1 kg of milk (Kronfeld, 1982).  Rensing et 
al. (2002) reported that synthesis of the lactose (4.8%) in milk requires about the same 
feed energy as protein (3.4%) and fat (4.1%). 
Lactose is synthesized from free glucose and uridine diphosphate (UDP)-galactose 
which is also derived from glucose. Lactose synthesis occurs in the Golgi apparatus of 
epithelial cells lining the mammary alveoli. The two main components of the enzyme that 
synthesizes lactose are α-lactalbumin (LA) and β 1,4-galactosyltransferase (GT).  LA is a 
whey protein, and comprises about 25% of total whey protein in bovines.  GT is 





(Threadgold and Kuhn, 1979).  LA is a normal component of milk and combines with GT 
to catalyze the reaction to produce lactose from glucose and galactose-UDP (Threadgold 
and Kuhn, 1979). Rodger et al. (1968) reported that the expression of LA is very low 
during pregnancy and increases significantly with parturition in the mouse gland 
mammary. Turkington et al. (1968) found similar results. Bleck et al. (2009) reported that 
LA concentrations were positively correlated with milk protein, milk fat, and lactose 
concentrations. GT concentration exhibited a strong positive correlation with number of 
days in milk. They concluded that these two components of lactose synthase are each 
correlated to protein concentration, concentration of milk components, and stage of 
lactation. 
In general, lactose acts primarily as an osmolyte in milk, so that the effect of 
increasing lactose synthesis is to draw more water into the milk. Thus, the higher the 
synthesis of lactose, the greater the volume of milk produced. The effect of this process is 
to leave the total amount of other milk constituents such as proteins and fat unchanged 
(Threadgold and Kuhn, 1979). Therefore, although milk yield is increased, concentration 
of its constituents is decreased. This relationship has been generally attributed to the fact 
that milk volume is determined by lactose secretion (Huhtanen and Rinne, 2007) and in 
highly productive dairy (ruminant) animals the synthesis of fat and protein does not keep 
up with that of lactose when high rates of milk secretion are achieved (Bencini and 
Pulina, 1997). 
 
Factors affecting lactose content in milk 
The concentration of lactose in milk is affected by several factors, such as parity, 





and genetic effects. Haile-Mariam and Pryce (2017) reported that the lactation curve of 
lactose percentage was similar to that of milk yield with the highest percentage value 
occurring just prior to peak yield (DIM of 30 to 40 d).  This result is similar to other 
reports (Miglior et al., 2006; Ptak and Bieniek, 2012), who reported that the lactose curve 
was similar to the milk curve, with the maximum value between 30 to 60 days. However, 
according to the study by Henao-Velásquez et al. (2014), the lactose curve showed a 
progressive decrease as DIM increases, with the maximum value at the beginning. 
Lactose percentage is very different than other milk components like fat and protein. This 
means lactose percentage, unlike fat and protein percentage, is not affected by dilution 
(Haile-Mariam and Pryce., 2017). In the study by Henao-Velásquez et al. (2014), the 
lowest lactose concentrations were observed in April, May, and June, which coincide 
with the rainy season; however, Miglior et al. (2006) found that the lowest lactose 
concentration occurred in late summer and fall. They assumed that this can be explained 
by the high forage supply with adequate non-protein nitrogen content at this time of the 
year.  
Olori et al. (1997) investigated the effect of gestation stage on milk production and 
composition. They reported that there were no significant changes in lactose percentage 
due to pregnancy during lactation. However, they indicated that lactose yield decreased 
as pregnancy length increased. By the 3rd month of gestation they found that pregnant 
cows produced an accumulated 1.4 kg less lactose than non-pregnant animals and by 
month 8 this difference was increased to 10.7 kg for the lactation. 
In general, the effects of diet composition on lactose concentration have been small 





cow. Several studies have been conducted to increase the lactose content in milk. 
Huhtanen and Rinne (2007) investigated the quantitative relationships between changes 
in milk yield and milk composition associated with increased nutrients supply.  Lactose 
content increased approximately 0.15 g/kg milk per kg concentrate DM intake, and 
decreased approximately 0.10 kg/kg milk in CP supplementation. Although difference 
was slight, CP supplementation (amino acid supply) increased milk urea but decreased 
lactose %. It is possible that urea increased the osmotic pressure in milk and therefore 
less lactose was needed to excrete additional milk production. 
In a study conducted by Klover and Aspin (2006), lactose percentage increased from 
4.48% to 4.96% by supplementation of sodium fumarate (5% of DM). Furthermore, the 
supplementation of fumarate did not change the other milk components. They concluded 
that sodium fumarate could increase lactose percentage without negative impact on fat or 
protein percentage. Broderick (1992) increased lactose content by supplementing with 
fish meal. Fish meal supplementation of early lactation cows fed diets containing 56 or 
70% alfalfa silage resulted in increased production of lactose yield, BW, milk production, 
3.5% FCM, and protein concentration. Tesfa et al. (1995) studied changes in lactose 
content of grazing cows fed 4 different types of feed. The feeds were a basic dairy 
concentrate (BDC), BDC plus 0.9% urea, BDC with 12% rapeseed meal, and heat-treated 
BDC plus 12% rapeseed meal. The cow fed the BDC diet had lower lactose percentage 
compared to cows fed the other supplements.  
Although the variation of lactose content is relatively low, lactose percentage varies 
based on the region where the animals are being raised. In previous studies, test day 





(Welper and Freeman, 1992), 4.60% in Irish Holstein (Buckley et al., 2003), 4.73% 
composed of Holstein, Jersey, and Red Danish breeds in Danish herds (Sloth et al., 2003), 
4.58% for Holsteins and 4.49% for Ayrshires in Canada (Miglior et al., 2006), 4.83% in 
Korean Holstein (Park et al., 2007), 4.78% in Chinese Holstein (Cao et al., 2010), 4.66% 
in Thailand herds (Chongkasikit et al., 2002), and 4.98% across 1st to 3rd parities in 
Australia (Haile-Mariam and Pryce, 2017). 
 
The relationship of lactose to other milk components 
Several studies have examined the relationship between lactose content and other 
milk components. A study looking at on phenotypic relationships between lactose content 
and other milk traits was conducted by Henao-Velásquez et al. (2014). They concluded 
that the association between lactose content and DIM, milk fat, milk protein, MUN, and 
SCC (sampled from afternoon-milking) were highly significant, while milk yield and 
SCC (sampled from morning-milking) were not significantly associated. Henao-
Velásquez et al. (2014) also concluded that when lactose content increased, MUN, fat, 
and protein contents increased. Although they did not find a significant difference based 
on parity, there are some reports that lactose percentage decreased in later parities and 
that the first-parity lactose percentage curve was more persistent than later parities 
(Lefebvre et al., 2002; Miglior et al., 2006; Ptak and Bieniek, 2012). Haile-Mariam and 
Pryce (2017) suggested that the high lactose percentage in the first lactation cow was 
perhaps a reflection of high persistency of milk yield in the first parity.  
Miglior et al. (2007) reported that lactose percentage was positively correlated with 
milk yield (r = 0.25) and negatively correlated with fat (r = -0.17), protein percentages (r 





percentage, but with much higher phenotypic correlation with milk yield (r = 0.99). 
Phenotypic correlation between lactose yield and percentage was moderate and positive 
(r = 0.38). They also found that estimated breeding value (EBV) of lactose percentage 
was correlated with lactation persistency EBV (r = 0.33).  These results are similar to a 
study conducted by Roman and Wilcox (2000). They used lactose plus mineral 
percentage (lactose-mineral) instead of lactose percentage, and found no phenotypic 
correlation among lactose-mineral percentage and milk yield (r = 0.03) and fat% (r = 
0.02); however, protein% had a high negative correlation (r = -0.70).  The correlations 
between lactose-mineral yield and milk yield (r = 0.98), fat yield (r = 0.84), and protein 
yield (r = 0.86) were all positive. 
Locker et al. (2009) investigated the relationship between milk yield and milk 
components, including body condition score (BCS). BCS had a negative correlation with 
milk yield and a positive correlation with fat% and protein%. There was a small, positive 
phenotypic correlation between BCS and both SCS and MUN. However, there was no 
significant phenotypic correlation between lactose% and BCS. The other phenotypic 
correlations in this study were similar to those of Miglior et al. (2007). 
In a study by Welper and Freeman (1992), phenotypic correlations between lactose 
and other milk components in first lactation Holstein cows found that lactose percentage 
was moderately correlated with fat (r = 0.11) and protein percentage (r = 0.29). On the 
other hand, negative correlations between lactose percentage and milk yield (r = -0.80), 
fat yield (r = -0.20), and SCS (r = -0.11) were reported. The phenotypic correlation 
between lactose percentage and yield was r = 0.20. These results are opposite to those 





found that lactose percentage was highly heritable (0.53) in Holstein cows.  
Other studies have found an association between lactose and MUN. Cao et al. (2010) 
reported that there was a statistically significant association between lactose percentage 
and MUN. The concentration of MUN peaked when lactose percentage reached 4.2%. 
They assumed that this relationship may be an indirect result of milk yield because 
lactose synthesis regulates milk volume. It also suggests that lactose% and MUN 
concentration may be indicators of metabolic disorders and physiological imbalance, and 
may affect the reproductive and the health status of a given animals (Miglior et al., 2006). 
However, Hossein-Zadeh and Ardalan (2011) reported that the phenotypic correlation of 
MUN with milk production traits were low or close to zero.  
There are many ways that lactose values can provide valuable information for dairy 
operations. Francisco et al. (2003) concluded that lactose percentage seemed a good 
predictor of days to first and second postpartum ovulation. Buckley et al. (2003) found 
that higher lactose percentage was associated with increased pregnancy rate. Reksen et al. 
(2002) demonstrated that higher lactose percentage in the first 8 weeks postpartum was 
related to early luteal response in second-parity cows. The fat to lactose ratio has been 
shown to be an indicator of subclinical and clinical ketosis (Steen et al., 1996) and the 
most informative trait for estimation of energy balance (Reist et al., 2002). 
 
Relationship of lactose to SCC or SCS 
A few studies have examined the relationship between lactose content and SCC. 
Henao-Velásquez et al. (2014) showed a negative correlation between lactose and 
transformed-SCC (morning-milking). Lefebvre et al. (2002) and Miglior et al. (2007) also 





Park et al. (2007) found a negative correlation between lactose percentage and natural 
logarithmically transformed SCC (SCCt) (r = -0.89). They concluded that the lactose 
content of milk from cows with mastitis is significantly lower than that of healthy cows 
and thus changes in lactose content over the lactation can be used as a predictor of 
mastitis incidence.  
Hussain et al. (2012) reported a decrease of lactose percentage in mastitic milk for 
both cows and buffalos. Lactose in milk of cows with mastitis infection decreased from 
4.7% to 3.9% compared to healthy cows. While the volume of milk from both the healthy 
and mastitic cows was low, difference between these two groups was significant. They 
assumed that this might be because of impaired synthetic activity of mammary tissues or 
because of damaging effects of pathogens to the mammary parenchyma. Similar results 
were reported by Malek dos Reis et al. (2013) and Auldist et al. (1995) who showed 
lower lactose percentage in mastitic cows compared with healthy cows.  
Furthermore, Miglior et al. (2006) deduced an association between lactose and 
longevity on cows. They found that cows with low lactose percentages were more likely 
to be culled than cows with a high lactose percentage. They also concluded that cows 
with a high SCS tended to have lower percentage of lactose, suggesting perhaps a higher 
rate of culling. Also, cows with udder infections may also have lower lactose percentage 
because salts from affected udder cells also account for osmolality.  
 
Economic value of Lactose 
Sneddon, et al. (2013) summarized the practical application of lactose and what 
ranges of lactose was acceptable on commercial dairies, based on the results of several 





to see which payment system could encourage dairy farmers to produce more lactose. 
Payment systems in the US vary based on milk plus fat or protein component, fat plus 
SNF, fat only, TS, or volume of milk. The payment in the USA appears to commonly be 
expressed as a price per hundredweight of milk; this price is determined thorough the 
quantities of fat, protein or SNF in the milk. However, the payment system is different 
depends on the classification of milk, and each class has a different value. Jesse & Cropp. 
(2004) summarized the basic milk pricing concepts in the United States. Class I is grade 
A milk used in all beverage. Class II is Grade A milk used in fluid cream products, 
yogurts, or perishable manufactured products (ice cream, cottage cheese, and others). 
 
Table 1. Comparison of milk payment systems in different countries (adapted from 






Class III is grade A milk used to produce cream cheese and hard manufactured cheese. 
Class IV is grade A milk used to produce butter and any milk in dried form.  
In Japan, the price of raw milk is determined based on a per kg of milk plus some 
milk values. There are a total of 10 organizations in the Japanese government, and each 
of them has different milk pricing values (Ministry of Agriculture, Forestry, and Fisheries 
[MAFF], 2015). Lactose percentage itself is not counted as a measurement for pricing 
milk; however, SNF is one of the pricing values. In the Kanto area, the payment system is 
based on milk (kg) plus milk plus fat percentage, SNF, bacteria count, SCC, and osmotic 
pressure (Ibaraki Dairy Cooperation, 2010). Similar to the payment system in the U.S., 
the payment system changes depending on the classification of milk usage. Interestingly, 
different from the system in the US, subsides per liter of milk are added to the raw milk 
used to produce dairy products. 
The objective of this study was to investigate the phenotypic association between 
lactose and milk yield, milk fat, milk protein, SCC, and MUN. Furthermore, lactose level 
might have value to determine farm productivity, health and profitability; therefore, our 
secondary objective was to determine if monitoring lactose would have value as a 





MATERIALS AND METHODS 
 
Data used in this study came from Rocky Mountain Dairy Herd Improvement 
Association (RMDHIA; Logan, Utah) and included monthly herd milk tests beginning 
January 2012 and ending August 2017; however, data from 2014 was not included in this 
study and primarily came from 2012, 2016, and 2017. A total of 17 herds that tested for 
MUN were included, with each herd being represented by 1 to 12 monthly tests per year. 
RMDHIA consisted of data from 34,872 individual cows, and included dairies from 
Montana, southeast Idaho and Utah.  Data included days since fresh (DSF), calving date, 
milk production, fat percentage, protein percentage, lactose percentage, SNF percentage, 
SCC, MUN, and lactation number. 
An additional dataset used in this study included test-day records from Hinode dairy 
cooperative located in southern part of Ibaraki prefecture in Japan. Total number of data 
points were 790,119. Milk sampling was done three times a month for each herd, and 
sampled data came from January 2006 to August 2017. A total of 287 herds were 
observed over 12 years. Of that total, 124 herds had been operating continuously since 
2006, 99 herds had stopped dairying, and 87 herds had joined the Hinode cooperative 
because of merging with another cooperative or just beginning. In Hinode cooperative, 
milk was analyzed for milk fat %, protein %, SNF %, MUN, bacteria count, osmotic 
pressure, and SCC.  
A third dataset came from AgriTech Analytics (a DHIA processing center; Visalia, 
California) and included data from 2009 to 2017. The data were test-day herd averages 
from a total of 96 herds in 27 different states in the United States. The number of tests per 





analyzed for fat, protein, SNF, MUN, and SCC. This data set also included cow breed, 
milk production, percentage of dry and milking cow in a herd, and culling rate and 
reasons. Culling reasons were divided by six groups: low production, reproductive 
problems, mastitis, incidence of sickness, other, and death.  
For some of the analysis, DIM were separated into 30-day increments based on the 
days since fresh (DSF) data, with those greater than 330 days grouped in one category. 
Culling rate was also categorized into groups: 25-29.9 %, 30-34.9 %, 35-39.9 %, and 40-
44.9 %.  
Since test-day record from Japan and California data sets did not include lactose %, 
we used estimated lactose % in this study. Mineral content is relatively stable in milk so 
we fixed mineral percentage at 0.9%. The lactose estimation formulate is as follow: 
Lactose% = SNF% - Protein% - 0.9 (minerals).  
Seasonal categories were created using the month of test for each record: a) Winter: 
January to March; b) Spring: April to June; c) Summer: July to September; and d) Fall: 
October to December.  
Each data sets had SCC for the test day record.  The SCC was transformed to SCS 
(SCCtran) by the following formulation: -3.643586 + (3.321928 * (LN(SCC) / 2.302)). 
Data were analyzed using the CORR and GLM procedures of SAS (SAS, Cary, NC) 
using the following model: Yijkl = µ + LNi + MNj + Yk + MYjk + eijkl, where Yijkl = 
individual response, µ = overall mean, LNi = lactation number, MNj = month of year, Yk 
= year, MYjk = month by year interaction, and eijkl = residual error.  Significance was 
defined as P ≤ 0.05 using Tukey’s multiple means comparisons.  Results were reported as 





RESULTS AND DISCUSSION 
 
Characterization of database 
Means and descriptive statistics for production variables in the databases from the US 
and Japan are listed in Tables 2 and 3, respectively. Mean DIM in the US was 187.9 d, 
and was similar to the study by Johnson and Young (2003). Mean milk yield in this study 
was 34.6 kg, which is higher than the report by Johnson and Young (2003). Mean parity 
in this study was 2.4, and was similar to the report by Godden et al. (2001). Means for the 
US and Japan, respectively, are as follows: fat percentages were 3.88% and 3.95%, 
protein percentage were 3.15% and 3.29%, SNF percentage were 8.86% and 8.74%, 
MUN were 14.4 mg/dl and 12.1 mg/dl, and SCC were 256,000 and 222,000 cells/ml. In 
our study, test-day records from Japan showed higher fat percentage and protein 
percentage and lower SCC than test-day records in the US. 
 
Table 2. Mean production variables in the US 
Production 
variable 
Mean SD SEM Min. Max. 
DIM 187.9 129 0.69 1 1762 
Milk yield, kg 34.6 24.2 0.13 - - 
Lactose, % 4.80 0.24 0.001 0.06 5.4 
Fat, % 3.88 0.88 0.005 0.29 14.34 
Protein, % 3.15 0.42 0.002 1.55 12.13 
SNF, % 8.86 0.47 0.003 3.5 17.0 
MUN, mg/dl 14.4 3.87 0.021 1.23 47.51 
SCC, cells/ml 
(x1000) 
256 256 3.8 0 9999 
Parity 2.4 1.5 0.01 1 11 
 
 
In this study, the lactose percentage was 4.80% in the US and 4.55% in Japan. 
Lactose percentage in the US was lower than the 4.97% reported in a previous study from 





Table 3. Mean production variables in Japan 
Production 
variable 
Mean SD SEM Min. Max. 
Lactose, % 4.55 0.09 0.001 3.59 5.52 
Fat, % 3.95 0.25 0.002 2.75 5.69 
Protein, % 3.29 0.15 0.001 2.05 4.22 
SNF, % 8.74 0.17 0.001 7.83 9.55 
MUN, mg/dl 12.1 5.96 0.038 0 40 
OP, mOsm/kg 
(x10,000) 
283 2.55 0.016 258 292 
Bacteria count 
(x10,000) 
1.96 6.88 0.044 1 343 
SCC, cells/ml 
(x1000) 
222 118 0.8 10 2250 
 
 
to the 4.60% in Irish Holstein (Buckley et al., 2003). Other studies have reported a mean 
lactose percentage of 4.73% in Danish herds (Sloth et al., 2003), 4.54% in Canada 
(Miglior et al., 2006), 4.83% in Korean Holstein (Park et al., 2007), 4.78% in Chinese 
Holstein (Cao et al., 2010), 4.66% in Thailand herds (Chongkasikit et al., 2002), and 
4.98% in Australia (Haile-Mariam and Pryce, 2017). 
 
Parity and lactose 
Average lactose concentration by 30-d DIM categories for each parity are shown in 
Table 4. In this study, the highest lactose percentage was in the first lactation (4.90%), 
followed by the second (4.80%), and the third and greater lactation group (4.74%). These 
results were similar to the study by Miglior et al. (2006). They reported that the highest 
lactose percentage for Holstein cows was found in first lactation (4.69%), followed by the 
second (4,57%) and then the third lactation (4.52%). They reported that lactose 
percentage decreased in later parities. This is similar to other studies (Lefebvre et al., 
2002; Ptak and Bieniek, 2012; Haile-Mariam and Pryce, 2017). Haile-Mariam and Pryce 





Table 4. Mean lactose percentage and milk yield for each parity group by 30-day DIM 
category 
 Parity 
 1 2 3+ 
DIM 
category 
Lactose, % Milk, kg Lactose, % Milk, kg Lactose, % Milk, kg 
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
<30 4.74 0.284 25.0 6.85 4.75 0.246 35.3 9.30 4.67 0.303 37.2 10.32 
60 4.93 0.174 31.3 7.18 4.86 0.237 42.7 9.72 4.82 0.234 45.4 11.16 
90 4.94 0.175 33.5 7.40 4.89 0.166 42.7 10.29 4.85 0.191 46.3 10.75 
120 4.94 0.150 34.1 7.30 4.87 0.183 41.4 10.18 4.84 0.199 43.8 10.79 
150 4.93 0.158 34.1 7.54 4.84 0.194 39.2 9.74 4.82 0.213 42.2 10.43 
180 4.92 0.153 33.4 7.64 4.83 0.186 37.6 9.37 4.77 0.220 39.7 10.24 
210 4.92 0.163 33.4 7.89 4.79 0.215 36.0 9.43 4.74 0.236 37.4 10.48 
240 4.90 0.162 32.8 7.89 4.79 0.209 33.4 8.99 4.71 0.244 35.6 9.52 
270 4.91 0.163 32.1 8.20 4.75 0.231 31.3 9.25 4.68 0.230 32.8 9.28 
300 4.88 0.173 31.0 7.98 4.72 0.229 29.2 8.90 4.65 0.310 30.7 9.37 
>330 4.84 0.209 28.1 8.73 4.69 0.284 25.8 9.15 4.60 0.297 26.3 10.41 
Total 4.90 0.180 31.7 7.69 4.80 0.220 35.9 9.48 4.74 0.240 38.0 10.25 
 
 
of high persistency of milk yield. 
 
 
Milk yield and lactose by days in milk 
The lactation curve for each parity by milk yield category is shown in Table 4 and 
Figure 1. The highest peak was shown in the 3+ lactation group, followed by 2nd and 1st 
lactations. First lactation cows had a lower peak, but greater persistency. Generally, milk 
production reached a peak by 60-90 DIM, as was seen in this study. Milk yield in 3+ 
lactation appeared to peak around the 90 DIM category at 46.3 kg and milk yield in 2nd 
lactation peaked around 60-90 DIM at 42.7 kg.  
The relationship between milk yield and lactose concentration and yield, by days in 
milk categories, is shown in Figures 2 and 3. Figure 2 shows lactose concentration by 
DIM categories. The lactose concentration curve showed same trend as the milk curve. 
However, different from the milk yield curve, the highest peak for lactose percentage was 
shown in 1st lactation cows, followed by 2nd and 3+lactation. Lactose percentage in 1st 



















Figure 3. Mean lactose yield for each parity group by days in milk categorized by 30-d 
intervals. 
 
2nd lactation cows (4.89%), and 3+ lactation cows (4.85%). The lactose percentage in 1st 
lactation was the most persistent and differed from the milk yield curve. On the other 
hand, 2nd and 3rd lacrosse concentration curve drops down after the peak. Because lactose 
pulls water into the lumen of the alveoli until it reaches an equilibrium steady-state, the 
lactose% should be stable; with little variation. Figure 2 shows the changes of lactose 
yield during DIM. The lactation curve for lactose yield in this study follows the milk 
yield lactation curve. Lactose yield peaked at 1.47 kg for 1st lactation cows, while lactose 
yield for 2nd lactation cows peaked at 1.9 kg, and 2.1 kg for 3+ lactation cows.  
Haile-Mariam and Pryce (2017) reported straight lactose concentrations after the 
peak. This is similar to other studies by Miglior et al. (2006) and Ptak and Bieniek 
(2012), who reported that the lactose concentration curve showed high persistency after 





showed the lactose curve peaked at the beginning of lactation. Lactose percentage is very 
different than other milk components because lactose percentage, unlike fat and protein 
percentage, is not expected to be affected by dilution (Haile-Mariam and Pryce, 2017). 
Because of the key role of lactose as the osmotic regulator of milk volume, lactation 
curve of lactose yield follows the milk lactation curve until it reaches the peak. In 
general, the lactose concentration curve shows straight line after the peak because lactose 
determines the osmotic pressures. However, our study showed dropping off of lactose 
concentration curve toward the late DIM.  It is not known why our data is different from 
the expected changes in lactose%.  
 
Seasonal effects on lactose 
Mean protein, SNF, and lactose percentage by month of test-day for the US and Japan 
are shown in Figures 4, 5 and 6, respectively. Although the lactose percentage changes 
were relatively low, our study showed seasonal effects on lactose from the Japanese data. 
The test-day lactose record from US showed the highest percentage in late summer 
(4.82%), and the lowest in winter season (4.79%). On the other hand, the highest test-day 
lactose percentage from Japan was observed in May (4.57%) and the lowest was 
observed in September (4.53%). There are few study that have reported seasonality of 
lactose concentration. Henao-Velásquez et al. (2014) reported the lowest lactose 
concentrations were observed in April, May, and June, which coincide with the rainy 
season in Colombia (the seasons would be reversed compared with the US and Japan) 

















Figure. 6 Monthly changes of milk lactose concentrations in the US and Japan 
 
 
concentration occurred in late summer and fall and higher in other months. They assumed 
that this could be explained by the high forage supply with adequate non-protein nitrogen 
content at this time of the year. However, in our study using test-day records in the US, 
seasonally changes were not seen and don’t agree with the data from Japan and other 
studies. In general, mainly because of the heat stress, fat and protein percentage, lactose 
yield and milk production tend to be low during the summer season. Figure 7 shows the 
monthly changes of THI in northern part of Ibaraki prefecture from 2006 to 2017; the 
highest THI was recorded in August. However, SNF, protein, and lactose concentration in 
U.S. data did not show seasonal changes. This was unexpected and could be because of 






Figure. 7 Monthly changes of THI, relative humidity, and maximum temperature in 
Tsukuba area, Japan from 2006 to 2017 
 
Furthermore, there was a consistent difference of 0.3% in lactose concentration 
between Japan and the US.  This might be because of differences in the amount of milk 
production, rations or genetics.  At present, further data is needed to determine why they 
are different.  
 
Other milk components and lactose 
Phenotypic correlation among lactose and other components of the US and Japan are 
shown in Tables 5 and 6, respectively. For the U.S. data, lactose percentage was 
positively correlated with milk yield (r = 0.28) and negatively correlated with fat% (r = -
0.17), protein percentage (r = -0.21), and SCC (r = -0.30; P<0.05). There was low 
correlation between MUN (r = 0.10; P<0.05). Lactose yield followed the same pattern as 





Table 5. Phenotypic correlation among production components in the US 








SNF, % SCC SCCtran MUN 
Fat, % 0.28           
Protein, % 0.51 0.42          
Fat, lb 0.77 0.35 -0.24         
Protein, lb 0.93 -0.15 -0.18 0.79        
Lactose, % 0.28 -0.17 -0.21 0.18 0.27       
Lactose, lb 0.99 -0.29 -0.51 0.76 0.92 0.38      
SNF, % 0.31 0.29 0.82 -0.12 -0.01 0.39 -0.25     
SCC 0.11 0.07 0.13 -0.07 -0.08 -0.30 -0.14 0.05    
SCCtran 0.245 0.13 0.24 -0.16 -0.19 -0.40 -0.285 -0.01 0.65   
MUN 0.36 -0.09 -0.23 0.29 0.30 0.10 0.36 0.16 0.11 -0.15  




Table 6. Phenotypic correlation among production components in Japan 
Item Fat, % SNF, % BCa SCC Protein, % OPb MUN Lactose, % 
SNF, % 0.32        
BCa 0.02 -0.03       
SCC 0.06 -0.06 0.08      
Protein, % 0.44 0.87 -0.004 0.10     
OP 0.22 0.33 0.002 -0.09 0.13    
MUN 0.001 -0.13 0.03 0.01 -0.14 0.15   
Lactose, % -0.12 0.51 -0.05 -0.30 0.01 0.45 -0.02  
SCCtran -0.01 -0.07 0.06 0.90 0.09 -0.10 0.02 -0.28 
a Bacteria count 
b Osmotic pressure 
 
0.99; P<0.05). Phenotypic correlation between lactose yield and percentage was 





On the other hand, phenotypic correlation based on the test-day records from Japan 
showed different patterns compared with the US.  Lactose and protein percentage were 
not correlated (r = 0.01). There was a low, negative correlation between lactose 
percentage and fat percentage (r = -0.12; P<0.05), which is lower than that in the US. 
There was no correlation between lactose percentage and MUN (r = -0.02). The 
correlation between lactose percentage and SCC was r = -0.30 (P<0.05), and was similar 
to that of the US.  
Miglior et al. (2007) reported the phenotypic correlation among lactose concentration 
and other productive components. They found a positive correlation between lactose 
percentage and milk yield (r = 0.25), and negative correlation with fat (r = -0.17), protein 
percentage (r = -0.25), and SCS (r = -0.23). The correlation of lactose yield with milk 
yield was r = 0.99, and with lactose percentage was 0.38. Locker et al. (2009) also 
showed similar report, and our study using test-day record from the US showed results 
similar to their studies. In the study conducted by Roman and Wilcox (2000), they used 
lactose-mineral percentage instead of lactose, and reported no correlation with milk yield 
(r = 0.03) or fat percentage (r = 0.02), but a high, negative, correlation with protein 
percentage (r = -0.70).  They also reported a high, positive, correlation between lactose-
mineral yield and milk yield (r = 0.98), fat yield (r = 0.84), and protein yield (r = 0.86). 
Our results showed much less correlation.  
Welper and Freeman (1992) reported negative phenotypic correlations between 
lactose percentage and milk yield (r = -0.80), fat yield (r = -0.20), and SCS (r = -0.11). 
This was the only study to report a negative correlation with milk yield. The correlation 





and Miglior et al. (2007). Correlation of lactose percentage was moderately correlated 
with fat (r = 0.11) and protein percentage (r = 0.29).  Results from the Japanese dataset 
showed no correlation between lactose percentage and protein percentage, and are 
different from other studies (Miglior et al. 2007; Roman and Wilcox, 2000; Locker et al. 
2009).  
The relationship between lactose percentage and MUN for the US and Japanese datasets 
are shown in Figure 8 and 9, respectively. Data from the US dataset showed a positive 
relationship between lactose percentage and MUN (P<0.05). Test-day records from Japan 
showed no relationship between lactose percentage and MUN.  However, the data 
showed a non-linear relationship where lactose % was lowest between 12.0 and 12.5 
mg/dL and highest at less than 12 and greater than 12.5 mg/dL. These results are similar 
to Hossein-Zadeh and Ardalan (2011). Cao et al. (2010) reported a significant association 
between lactose percentage and MUN and MUN concentration peaked when lactose 
percentage reached 4.2%. They assumed that this relationship was an indirect association 
with milk yield, explained by the role of lactose synthesis in the regulation of milk 
secretion. It is possible that urea increased the osmotic pressure in milk and therefore less 
lactose was needed to excrete additional milk production. A similar negative relationship 
between urea and lactose in milk was reported by Nousiainen et al (2004).  
 
Relationship of lactose to SCC or SCS 
The association between lactose percentage and transformed SCC for the US and 
Japanese datasets are shown in Figure 10 and 11, respectively. Our data showed a 
negative relationship between lactose % and SCC in both the US and Japanese datasets. 





Figure 8. Association of lactose concentration with MUN in the US 
 
 
Figure 9. Association of lactose concentration with MUN in Japan 
 
 
between lactose percentage and SCC or SCS (Welper and Freeman. 1992; Roman and 
Wilcox, 2000; Lefebvre et al., 2002; Miglior et al., 2007; Park et al., 2007; Locker et al., 



































2009; Henao-Velásquez et al., 2014). Henao-Velásquez et al. (2014) reported a negative 
correlation with transformed-SCC (sampled in the morning milking), while Lefebvre et 
al. (2002) reported a negative correlation with SCS (-0.40). Miglior et al. (2007) and Park 
et al. (2007) both found negative correlations, r = -0.23 and r = -0.89 with transformed 
SCC. They concluded that the lactose content of milk from cows with mastitis was 
significantly lower than that of healthy cows and thus changes in lactose content over a 
lactation can be used as a predictor of mastitis incidence. 
Hussain et al. (2012) compared lactose percentage level between two types of cows, 
cows with mastitis and healthy cows. They reported that lactose in cows with mastitis 
decreased from 4.7% to 3.9% compared to healthy cows. They suggested that this was 
because of impaired synthetic activity of mammary tissues or because of the damaging 
effects of pathogens to the mammary parenchyma. Similar results were reported by 
Malek dos Reis et al. (2013) and Auldist et al. (1995) where lower lactose percentage was 
found in cows with mastitis.  The decline in milk lactose could be due to the reduced 








Figure 10. Association of lactose concentration with SCCtran in the US 
 
 







The lactation curve of lactose percentage followed the same pattern as the milk 
lactation curve and decreased in later parities, while lactose yield increased.  The 
Japanese data showed seasonality with the lowest lactose concentration in late summer 
and fall and higher in other months.  The U.S. data showed a positive correlation with 
milk yield, and negative correlation with fat and protein percentage, while the Japanese 
data showed a negative correlation with fat percentage.  
A negative relationship between lactose percentage and SCC was found both in the 
U.S. data and Japanese data and suggest that SCC or SCS could be used as an indirect 
indicator of mastitis. This might be because of impaired synthetic activity of mammary 
tissues or because of the damaging effects of pathogens to the mammary parenchyma. 
Also, the decline in milk lactose could be due to the reduced synthetic activity in the 
mammary tissue, especially alveolar epithelial cells. Lactose data is not used as an 
evaluation tools for dairy herd neither in the U.S. nor in Japan, but could be used to 
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